Objective: The definition of frailty still lacks quantitative biomarkers. This study aimed to investigate the relationship between nutrition-related biomarkers and frailty in hospitalized older patients. Materials and methods: This is a cross-sectional study including 380 hospitalized older patients. The patients were categorized as nonfrail (n=140), prefrail (n=81), and frail (n=159) by the criteria of frailty phenotype. The nutritional status was assessed using the mini nutritional assessment-short form (MNA-SF), levels of serum transferrin (TNF), prealbumin (PA), total protein (TP), albumin (ALB), retinol-binding protein (RBP), and hemoglobin (Hb). Results: The grip strength, levels of serum TFN, TP, ALB, Hb, and MNA-SF scores all decreased significantly in the order of nonfrail, prefrail, and frail groups (P,0.01). Older ages, more fall incidents, and higher polypharmacy ratio were observed in the frail and prefrail groups than in the nonfrail group (P,0.05). Univariate logistic regression analysis showed that frailty was positively related to age, polypharmacy, fall history, nutritional status, levels of TFN, PA, TP, ALB, RBP, and Hb, but was negatively related to grip strength. Ordinal logistic regression analysis showed that older patients who were well nourished, with higher levels of TFN, TP, and ALB were less likely to develop into frailty. Conclusion: Hospitalized older patients with better nutritional status and higher levels of TFN, TP, and ALB were less likely to develop into frailty. These nutrition-related biomarkers may be used for the evaluation of nutritional status and frailty in older patients.
Introduction
Frailty is a geriatric syndrome and is commonly defined as a clinically recognizable state in older adults. It is associated with increased vulnerability that is resulted from aging-associated declines in physiologic reserve and function across multiple organs and systems. [1] [2] [3] [4] [5] Frailty is highly prevalent with increasing age and gives rise to high risk for adverse health outcomes, including falls, hospitalization, and mortality.
The concept and definition of frailty is still evolving. One of the approaches to frailty is the frailty phenotype, 3 which contains unintentional weight loss, exhaustion, weakness, slowness, and low physical activity. It is estimated that 10%-27% of the population over 65 years is frail by the definition of a combination of any three phenotypes. 6 Another approach defines frailty as a stage of age-related deficit accumulation and quantify the frail state using a "frail index", which is the ratio of present deficits to the ones evaluated. 7 Both approaches to frailty have been extensively used and adapted in animal studies and clinical trials. Due to the lack of subcellular mechanisms and effective biomarkers, a consensus has not been reached in the concept of frailty.
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Malnutrition is very common in hospitalized older patients with a prevalence up to 50%. 8, 9 Poor nutritional status has been shown to be associated with adverse clinical outcomes in older patients, such as decreased physical functions and increased mortality. 10, 11 In recent years, the relationship between frailty and malnutrition in community-dwelling older people has been demonstrated. [12] [13] [14] [15] However, this relationship in hospitalized older patients has not been investigated.
Our study aimed to compare the nutritional status and physical functions between nonfrail, prefrail, and frail hospitalized older patients and identify possible biomarkers for the evaluation of nutritional status and frailty.
Materials and methods study design
This is a cross-sectional study analyzing the clinical data of hospitalized older patients treated at the geriatric ward of Zhejiang Hospital between January 2017 and June 2018. The inclusion criteria were as follow: age $65 years, ability to understand and communicate in Chinese, ability to walk without assistance except walking aids, and hearing and vision sufficient for compliance with assessment. The exclusion criteria were as follow: acute infection, malignant tumor, cerebellum diseases, acute cerebrovascular diseases, delirium, terminal illness, or severe cognitive impairment (Mini-Mental State Examination [MMSE] ,12). A total of 380 patients were included in the final analysis ( Figure 1 ). Our study was conducted in accordance with the Declaration of Helsinki and was approved by the Research Ethics Committee of Zhejiang Hospital. Written informed consent was obtained from each participant.
Patient assessment
A comprehensive geriatric assessment (CGA) and frailty assessment were given to each qualified patient by a geriatric nurse and a geriatrician in our ward within 3 days after admission. The main content of CGA includes a general health questionnaire, assessment of activities of daily living (ADL), 16 instrumental ADL (IADL), 17 MMSE, 18 mini nutritional assessment-short form (MNA-SF), 19 and Tinetti performance-oriented mobility assessment (POMA). 20 Grip strength, fall history in the past year, and polypharmacy were recorded. Serum levels of transferrin (TFN), prealbumin (PA), total protein (TP), albumin (ALB), retinol-binding protein (RBP), and hemoglobin (Hb) were measured and recorded. Sociodemographic data including age, gender, educational level, body weight, and height were collected.
Assessment of frailty status
The Fried criterion, also known as the frailty phenotype, was used to assess the frailty status. Frailty phenotype with the five items is the most extensively used and tested criteria for its validity. These criteria are mentioned below. · Unintentional weight loss over 4.5 kg or 5% of body weight during the last year. · Decrease in the grip strength measured by Jamar dynamometer. The patient is sitting in the chair with the shoulders adducted, the elbows flexed to 90°, and the forearms in neutral position. 
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relationship between nutrition and frailty · Low physical activity level. The criteria are ,383 kcal/week for men and ,270 kcal/week for women. All participants were diagnosed according to the frailty phenotype. One point for each item: 0 = not frail; 1-2 = prefrail; $3 = frail.
Assessment of nutritional status
The MNA-SF was used for the assessment of nutritional status, which has been validated for malnutrition screening in frail older people. 21 The MNA-SF includes six items: 1) weight loss in the last 3 months: .3 kg = 0, unknown = 1, 1-3 kg = 2, no = 3; 2) BMI: ,19 = 0, 19-21 = 1, 21-23 = 2, .23 = 3; 3) psychological stress or acute disease: no = 0, yes = 2; 4) mobility: long-term bedridden = 0, capability but unwillingness of activities = 1, outdoor activities = 2; 5) neuropsychological problems: severe dementia or depression = 0, mild dementia or depression = 1, no = 2; 6) food intake: significant decrease in food intake = 0, mild decrease in food intake = 1, no = 2. The maximum total score is 14 points. A total score of 12-14 points indicate well nourishment, 8-11 points indicate risk of malnutrition, and 0-7 points indicate malnourishment.
Data collection
Sociodemographic data including age, gender, educational level, weight, and height were collected. Information about the frailty status and medication was collected by reviewing the medical records. Polypharmacy was defined as not less than five kinds of oral prescription drugs. 22 The ADL, IADL, and POMA were used to assess functional status. The cognitive status was evaluated using the MMSE. The MNA-SF and levels of serum TFN, PA, TP, ALB, RBP, and Hb were used to assess the nutritional status. Venous blood samples were collected in the early morning from the fasting patients and tested in a laboratory of Zhejiang Hospital. Some categorical variables, such as gender, educational level, polypharmacy, fall history, frailty status, and nutritional status, were reassigned. Continuous variables such as TFN, PA, TP, ALB, RBP, and Hb were reassigned into three grades with a cutoff from the lowest value to the percentile 25, the percentile 25 to the percentile 75, and the percentile 75 to the highest value (Table S1 ).
statistical analysis
The normally distributed continuous data were presented as mean and SDs, and the nonnormally distributed continuous data were presented as medians and IQR. Categorical variables were presented as percentages or constituent ratios. When three groups were considered, the one-way ANOVA test (for normally distributed continuous data), the Pearson's chi-squared test (for categorical data), and the Kruskal-Wallis test (for nonnormally distributed continuous data) were used for the comparison. When two groups were considered, the least significant difference (LSD) t-test (for normally distributed continuous data), the chi-squared test (for categorical data), and the Mann-Whitney U-test (for nonnormally distributed continuous data) were used for the comparison. As a secondary analysis, binary classification of frailty (nonfrail vs prefrail/frail) was treated as the dependent variable, and other assessments were treated as the continuous variables. The relationship between frailty and risk factors was analyzed using the univariate logistic regression analysis. Ordinal logistic regression analysis was used for further analysis of the relationship between frailty status and nutritional status as well as nutrition-related biomarkers, adjusting age, gender, BMI, polypharmacy, fall history, and grip strength. ORs were reported for significant associations. All statistical analyses were performed using the SPSS 22.0 software (IBM Corporation, Armonk, NY, USA). All significance tests were two-tailed, and statistical significance was assumed as P,0.05.
Results
Our patients included 140 nonfrail patients (36.8%), 81 prefrail patients (21.3%), and 159 frail patients (41.9%). The grip strength, levels of serum TFN, TP, ALB, Hb, and scores of MNA-SF, ADL, IADL, MMSE, POMA decreased significantly in the order of nonfrail, prefrail, and frail groups (P,0.01). Patients in the prefrail and frail groups were significantly older, more likely to have falls in the past year and had significantly higher polypharmacy rate in comparison with the nonfrail patients (P,0.05, Table 1 ).
The risk factors that may be associated with frailty were analyzed using the univariate logistic regression analysis. The results showed that the frailty status was positively related to age, polypharmacy, fall history, nutritional status, levels of TFN, PA, TP, ALB, RBP, and Hb, but was negatively related to grip strength (Table 2) . Ordinal logistic regression analysis showed that older patients who were well nourished and had higher levels of TFN, TP, and ALB were less likely to develop into frailty (Table 3) .
Discussion
Our study demonstrated that older hospitalized patients with better nutritional status and higher serum levels of TFN, TP, and ALB were less likely to develop into frailty. In the order of nonfrail, prefrail, and frail groups, the patients were older, with decreased grip strength, scores of ADL, IADL, MMSE, POMA, MNA-SF, higher rates of polypharmacy, 14,23,24 However, we found no significant difference in the educational level between groups of different frailty status, which was not consistent with previous findings. 23, 24 The possible reason underlying this discrepancy may be that the classification criteria of educational level in our study were different from that in the previous studies. In addition, educational level was not a direct risk factor of frailty.
The frailty status was categorized into nonfrailty, prefrailty, and frailty. Each risk factor that might be associated with frailty was analyzed using the univariate logistic regression analysis. Our study found that frailty status was positively related to age, polypharmacy, fall history, nutritional status, serum levels of TFN, PA, TP, ALB, RBP, and Hb, but was negatively related to grip strength. The ordinal logistic regression analysis showed that older patients who were well nourished and had higher serum levels of TFN, TP, and ALB were less likely to develop into frailty with 27 has demonstrated that the MNA can be used to detect frailty with a sensitivity of 66.9% and a specificity of 85.4%, suggesting a very close relationship between the nutritional status and frailty.
Protein-energy homeostasis is a major determinant of healthy aging. It has been shown that lower protein intake was associated with a higher frailty prevalence. [28] [29] [30] [31] Consistently, our study found that significantly higher serum levels of nutrition-related proteins were observed in the nonfrail patients compared to the prefrail and frail patients. In addition, ordinal logistic regression analysis also showed that patients with higher serum levels of TFN, TP, and ALB were less likely to develop into frailty. Although the association between serum levels of PA, RBP, Hb, and frailty was not found in our study, significant differences in these biomarkers did exist between the three groups. Deficiency of other important nutritional determinants, such as vitamin B12, is also found to be associated with frailty. 32 Our study has limitations. First, our study is a crosssectional study and does not support causality conclusions. Second, generalization of our results should be cautious 
Conclusion
Older hospitalized patients who were well nourished and had higher serum levels of TFN, TP, and ALB were less likely to develop into frailty. These nutrition-related biomarkers might be used for screening frailty in older patients.
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